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SUMMARY 


Estimates of the variation with Mach number of the aerodynamic 
c har acteristics of swept wings are made on the basis of airfoil section 
data combined with span-loading theory. The analysis deals with exami- 
nations of some 26 wi ng s and wing-body combinations ranging in sweep 
angle from 30 ° to 60° and for Mach numbers between 0,6 and 1,0, 

Resiilts of the study indicate that the two-dimensional section data 
afford good qualitative information for such hi^-speed aerodynamic 
characteristics as the variation with Mach number of drag, zero-lift 
pitching-moment coefficient, and lift coefficient for flow separation. 
Quantitative estimates of the force and moment divergence Mach numbers 
could not be made with any degree of certainty from the airfoil data 
alone. Somewhat improved quantitative estimates for a given configura- 
tion were obtainable by basing the estimates on the measured character- 
istics for a wing of similar plan form but different section, and adjust- 
ing for the effects of differences in section on the basis of section data. 


INTRODUCTION 


At low values of lift where the viscous problems of flow separation 
are minimized, wing span-loading theory, such as that developed in 
references 1 and 2, has been found to handle rather successfully the 
span-loading changes associated with sweep throughout the subcrltical 
Mach number range. Estimates, therefore, of the lift and .moment char- 
acteristics of swept wings in the linear range should pose little diffi- 
culty to the aircraft designer. However, a quantitative definition of 
the actual limits of this low-lift linear range are not to be found from 
the theory itself. Nor at higher values of lift and Mach number where 
problems of viscosity and supercritical flow are encountered will 
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potential theory provide the irformation required by the aircraft 
designer, - Consequently, studies of existing flight and vind- tunnel 
data are held essential for purposes of gaining not only a further “ 
understanding of the aerodynamic problems .involved with swept wings but 
also to develop, if possible, improved methods for estimating the char~ 
acteristlcs of an arbitrary swept-wing design. 

For flows essentially Incompressible, the work of references 3 £Ln^ 

4 demonstrated the value of combining two-dimensional data with span- 
loading theory for estimating the loading and stalling behavior of two 
^5° sweptback wings. In view of the measure of success found at the 
lower speeds, this general program has been extended to the compressible- 
flow case, crude as the assumptions obviously are for handling such a 
complex flow problem, in an attempt to determine to just what extent 
high-speed two-dimensional airfoil data could' be linked to the character- 
istics of the finite wing. The findings of one such study dealing with 
the detail loadings on a 45° sweptback wing of aspect ratio 6 have been 
reported in reference 5« "tlie present report the analysis is centered 
around the three-component force and moment data for some 26 different 
wing and wing-body combinations covering angles of sweepback from 30 ° 
to 60° and Mach nimibers from about 0,6 to 1,0. The test Reynolds 
numbers of the three-dimensional data included in the survey fall gener- 
ally within a range of 2 to 4 million. 


Cl 
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Mp 


lift coefficient. 


NOTATION 

lift 

qS 


llft-c\Arve slope at zero lift. 


dCp 

da 


drag coefficient. 


drag 

qS 


Induced drag based on reference 1 

pitching moment 


pitching-moment coefficient. 


qS5 


pitching-moment coefficient at zero lift 


free-stream Mach number 

free-stream Mach number for yawed wing, equal to M 
Mach number for drag divergence, M at which =0.1 
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pressure coefficient 
Reynolds number based on c 
wing area 

mean-line designation 
wing span 

local ctLord measured parallel to plane of symmetry 
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wing mean aerodynamic chord. 


r b/2 2 

fo 

r c dy 

“'O 


section drag coefficient, 

section lift coefficient, 
section lift-curve slope. 


section drag 

ac 

section lift 
q.c 

da 


design section lift coefficient 
section pitching moment at zero lift 


free-stream dynamic pressure 

chordwise distance from leading edge measured parallel to 
plane of symmetry 

spanwise distance measxnred normal to plane of symmetry 
angle of attack 

angle of twist (positiYe for washin) 
fraction of semispan 

sweep angle of wing quarter-chord line 





Wing notation, see table I 
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calc 

calculated 

Subscripts 

exp 

experimental 


max 

maximum 


sep 

trailing- edge 

flow separation 

A 

yawed flow 



METHODS Am APPLICATION 


In estimating the characteristics of a finite-span wing, two 
different procedures will be considered. Por the first, a31. three- 
dimensional effects are assumed to be confined to span loading; hence, 
in such a scheme local sections are considered to behave like infinite- 
span sections. This general approach was employed in reference 6 for 
unswept wings and subsequently served as the groundwork for a study of 
a swept wing in incompressible flow reported in reference 3 , In the 
present analysis directed at the subsonic compressible-flow case, this 
method has been simplified still further by ignoring the variations in 
local loading across the span in evaluating the compressibility and vis- 
cosity effects. In other words, the evaluations of these effects are 
based on the airfoil section data for a lift coefficient corresponding 
to the average wing lift coefficient. The yawed infinite-wing data 
were derived from unswept two-dimensional airfoil data using simple- 
sweep-theory relations with no allowances for any root, tip, or body 
Interference effects. Procedural details followed in estimating the 
variations with Mach n\miber of CLq^ Cd, OmQ, and Cl for beginning of 
flow separation are indicated in subsequent paragraphs. This method 
will be referred to as the adjusted wing theory procedure. 

In the second procedure considered herein, incremental differences 
found from the two-dimensional data are applied to the known character- 
istics for a three-dimensional configuration approximating the one in 
question but differing primarily in airfoil section. This method, which 
will be referred to as the adjusted wing data procedure, obviously has 
the advantage of including in the estimate the three-dimensional inter-” 
ference effects omitted in the first procedure, 

A Summary of the wing configurations considered, together with the 
references from which the data were extracted (refs, 7 1 ° 30 )^ is given 
in table I. 
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Adjusted Wing Theory Procedure 


Lift-cirrye slope .- Wing lift-curve-slope variation •with Mach number 
was calculated from span-loading theory using the method of reference 1, 

In the supercritical Mach number range where the theory fails to indicate 
sufficient increase, the theoretical values have been adjusted percentage- 
wise by the amomt that the two-dimensional lift- curve- slope data exceed 

the rise given by the Prandtl-Glauert factor ^ . The Mach numbers 

^Jl - i/p- 

for the two-dimensional data were related to those for the wing through 
the sweep-theory relation 


%=o = % A 

A correlation of these results is givoi in figure 1 for 2.6 swept-wing 
configurations. In each case, the estimates are based on data for air- 
foil section configurations approximating the assumed effective section 
of the swept wing taken noirmal to the wing quarter-chord line. 

Drag .- The estimated values of total drag were determined using the 
expression 


Cd = cdo cos A + Acd cos®A h CDj_ 


where 

'^do 

Acd 


cd 

CDi 


section minimum drag coefficient (assumed to be skin-friction 
drag and effect of sweep estimated frcan ref. 31 ) 


section pressure-drag coefficient, cd “ odo^ s.t 
and ^ 


oIa=o 


Cl 

cos^A 


section drag coefficient at c^ and M indicated above 
induced drag coefficient calculated using reference 1 


For bTT the wing-alone configurations, the estimated drag values were 
determined from the above expression directly. For the wing-fuselage 
combinations, a fixed incremental drag of O.OO 5 O 'wa-s added to the 
estimates to facilitate comparison of Mach number effects. These results 
are siimmarized in figure 1. 

Zero-lift pitching moment .- As indicated previously, estimates at 
zero lift of wing pitching-moment coefficient due to camber are based 
directly on the equivalent two-dimensional value adjusted for sweep 
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effects. Thus, the moment for the cambered swept wing without twist 
is assumed equal to that for the cambered section in yawed flow 

^ " °°^A=o 

for Mach numbers adjusted as before so that 


% = 


Ma=o 
cos A 


For wings having twist in addition to camber, the final total Omo 
consists of the simi of that associated with the basic loading due to 
twist (calculated from ref, l) and that due to camber indicated above. 
These results are shown in figure 1. 


Lift, coefficient for flow separation .- A study of the pressure 
distributions of vanious airfoil sections at high Mach number revealed 
that the incidence of flow separation (that is, failure of pressures on 
the upper surface to recover fully at the trailing edge) is closely 
allied with the section for Mach numbers up to a certain criti- 

cal value. This is illustrated in figure 2 for a l4.3-percent-thiclc 
symmetrical NACA 64-serles airfoil which was foimd to be typical of all 
airfoils studied with the exception of those with large amounts of camber, 
that is, a design lift coefficient of 0,4 or. higher. At the critical 
Mach number mentioned the flow separation changes from one associated 
with the normal breakdown of flow near to one induced by the 

adverse pressure gradients due to the nonnal shock. Hence, in the present 
analysis the two indicated lines, one for and the other for shock- 

induced stall illustrated in figure 2, have b^n assumed to define the 
lift versus Mach number boiindarles for flow separation for a given air- 
foil. Assuming the three-dimensional wing to evidence flow separation 
at a Cl equivalent to that for the yawed infinite airfoil, then 

^Lsep ” ^^sep^ “ °^®®Pa=o 
for Mach numbers of the wing governed by 


ma = 

“ cos a 


Since variations in the slope of the pitching-moment curve usually 
provide a rather sensitive indication of the start of breakdown of the 
flow on the swept wing, this quantity has been used herein in an attempt 
to evaluate the accuracy of the flow-separation estimates. Correlations 
of the estimated values of Cl for flow separation with the pitching- 
moment data are given in figure 3 f°^ the various wings considered. 
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For those few wings for which, pres siire -distribution, data were, available 
there is also included on the pitching-moment curve a point indicating 
the measured Cl for beginning of trailing-edge flow separation as 
determined from the pressure data. 


Adjusted Wing Data Procedxnre 


For this procedure^ as stated previously the estimates of the 
characteristics for a given configuration start with the known three- 
dimensional data for a configuration approximating as closely as possible 
that in question. The first step is to adjust these 3cnown results to 
account for any differences in plan-form and twist effects using some 
span-loading method such as reference 1, Whatever differences exist in 
airfoil section between the two configurations then are accounted for 
by applying to the known characteristics increments that have been 
determined from the high-speed data for the two airfoil sections ^ follow- 
ing the sweep-theory relations outlined in the foregoing paragraphs. 

DISCUSSION 

Adjusted Wing Theory Procedure 


The fundamental concept of two-dimensional flow prevailing at local 
sections of the finite wing overlooks the changes in loading at the root 
and tip associated with plan form and the additional changes in pressure 
distribution in these regions due to compressibility effects. These 
changes in loading are briefly illustrated in figure 4 for a 35 ° swept- 
back wing. Shown in the figure are comparisons of the pressure distri- 
butions measured at several Mach numbers and span stations of the wing 
with those estimated for the yawed infinite airfoil based on pressure 
measurements obtained on the airfoil in the Ames 1- by 3-1/2-foot high- 
speed tunnel. In each example the estimated pressure diagram has been 
determined for the equivalent value of local lift coefficient and Mach 
number in imswept flow and the resultant values of pressure coefficient 
then converted to yawed- flow conditions such that 

Pa = Pa=ocos^A 


thus ^ the measxrred and estimated pressure-diagram areas are equal. It 
may be seen in the figure that although quite large differences in the 
measxnred and estimated loadings occurred at the root and tip, the two- 
dimensional data offer rather accurate loading information over the wing 
mid-semlspan for Mach numbers well into the supercritical flow region, 

A more detailed study of the limits of applicability of two-dimensional 
data to estimating the local loading characteristics for a 4-5° swept 
wing is given in reference 5 . 
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In studying the surface-loading characteristics of a number of swept 
wings it became evident that the shifts in loading at the root and tip 
had generally an egiial and opposite effect Insofar as the over-all force 
characteristics of the finite swept wing were concerned. Furthermore, 
extensive flow separation on the swept wing was found to be delayed until 
the average of the values of local cj (rather than the peak cj as for 
unswept wings) reached the two-dimensional value for flow separation. 
Consequently, the aerodynamic characteristics of the swept wing tend to 
exhibit the characteristics of the average section of the wing. It would 
be expected, therefore, that yawed-infinite-airfoll data should be gener- 
ally representative of the behavior of the swept finite wing. 

Lift-curve slope ,- The res\ilts of figure 1 showing the measured 
variation of Cl^^ with Mach nLtmber as compared to those calculated by 
the method of reference 1 indicate reasonably accurate estimates up to 
about the critical Mach number. Above this Mach number the calculated 
values fail to indicate siifficient rate of Increase, The deficiency fan 
to some extent be traced to the inability of the Erandtl-Glauert small- 
perturbation theory (employed in the span loading method of reference 1) 
to accomt in full for the llft-ciirve-slope changes measured at super- 
critical speeds in two-dimensional flow. By adjusting the calculated 
slope as follows. 



some Improvement can be made in the estimated lift-curve slopes^ for 
wings of 35° sweep (see fig, l) , Here the sweep-angle value is not so 
great but what the flow reaches supercritical conditions normal to the 
isobars prior to the entrance of the wing into the three-dimenslo 33 al 
sonic-flow regime beginning at a Ifech number of about 0,95, Such is 
not the case, however, for wings of sweep or higher where a suffi- 
cient amount of sweep exists to delay critical conditions on the section 
to tfech numbers beyond the 0,95 limit where bhe three-dimensional sonic- 
flow system commences to engulf the entire wing-fuselage configuration. 
Obviously for sweep angles beyond about 40° then, the two-dimensional 
data can be of little benefit for purposes of improving the calculated 
lift-curve slopes at low values of lift. 

^In computing the wing lift-curve slopes by reference 1, the two- 
dimensional ci^ data__could have been substituted in place of the theo- 
retical slope 2jt/«/l - M^ used therein. However, this practice is not 
recommended since the majority of measured incompressible lift-curve 
slopes fall somewhat below the theoretical slope of 2jt. For some 
imaccountable reason, much more accurate results are obtainable using the 
base theoretical slope of 2it and correcting that by the measured defi- 
ciency in the supercritical region. 
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Drag .- Comparisons of estimated and measured variations of drag 
coefficient with Mach number for fixed values of wing lift coefficient 
are given in figmre 1. It is seen from these results that the variations 
of drag with Mach number were indicated with reasonable accuracy up to 
Mach numbers approaching those for drag divergence even for lift coeffi- 
cients where considerable flow separation must have been present (e.g., 
wing "J, fig. 1(c)). The estimated drag-divergence Mach numbers^ on the 
other hand, as well as magnitude of drag level must be considered insuffi- 
ciently accurate for most design purposes. A summary of the estimated 
and measured drag-divergence Mach numbers is given in figure 5* ^" 0 ^ wings 

of about 35 ° sweep the estimated values show a deviation of as much as 
10 percent while with further Increase in sweep angle the correlation 
points depart rather abruptly from the line of perfect correlation to 
follow a new path which approaches a measured Mp limit line of about 
0.95» Hence, it is clear that as long as the drag divergence of the 
wing is governed by section characteristics (such as for wings with 35 ° 
sweep or less) a rather rou^ estimate of Mfe is possible with this 
method, but that an upper limit exists for Mp in the nel^borhood of 
0.95 caused by three-dimensional sonic-flow conditions (onset of wave 
drag) . This boundary cannot be altered by further increase in sweep or 
changes in section other than by their contribution to a change in the 
longitudinal distribution of area. The effects of such changes in area 
on drag at sonic speeds are discussed in reference 32 . 

Zero-lift pitching moment .- Included in figure 1 are the estimates 
of Cthq for those wings having camber either alone or combined with 
twist. Where two-dimensional data were not available for the exact 
section normal to the quarter-chord line of the wing, the closest section 
available has been substituted and the estimate adjusted proportionately 
where necessary in order to match exactly the absolute magnitudes of 
camber. It can be seen that while the magnitude and variation of Gdiq 
with Mach number could be estimated reasonably well, again for most of 
the swept wings the divergence Mach number fell near or beyond the Mach 
number 0.95 limit, thus rendering the method unreliable for such pin^joses 
in this speed range. 

Flow separation .- Flow separation as used herein refers primarily to 
the trailing-edge type (unless stated otherwise) where the pressinres fall 
to recover fully at the trailing edge. Flow separation on the swept wing 
marks the beginning of large Increases in drag and local changes in lift 
which usually result in unacceptable variations in pitching moment, the 
severity of this latter effect being dependent on the wing plan form. 

For swept wings these changes accompanying flow separation occin: at lift 
coefficients somewhat below CL^ifi-ir with buffeting and the variations in 
pitching moment usually being of such magnitude as to effectively limit 
the usefilL lift range of the wing at this point. At transonic speeds 
the separation can stem from adverse pressure gradients eirislng not only 
from the effects of thickness and circulation as at low speed, but from 
the effects of compressibility and shocks as well. For the former type. 
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fairly reliable estimates of flow separation on swept wings can be made 
nslng two-dimensional airfoil data as demonstrated at low speed In 
references 3 and 33, and at speed In reference 5 . For estimating 

separation Induced by shock waves. It would be anticipated that eq.ually 
good resifLts could be achieved with the two-dimensional data provided 
the shock on the finite wing was associated with velocity perturbations 
In planes normal to the Isobars and not from the three-dimensional shock 
system that engulfs the configuration as a whole near sonic speed. A 
detailed study of the extent to which two-dimensional loads data can be 
correlated with the local loading on a sweptback wing has been made 
In reference 5 . In the present report the problem has been viewed some- 
what differently; for a large number of wings estimates have been made 
of the Cl for flow separation based on two-dimensional data In an 
attempt to show what relation. If any, this estimated CLgep has with 
the observed wing Cl for pitch divergence. 

The pitching-moment characteristics together with the estimated 
values of CLggp for the wings considered In the study are shown in 
figinre 3 . For nhe few wings for which pressure-distribution data were 
available for determliiing when £Low separation actually began, a measured 
value for CLgep also been Indicated on the pitching-moment cinrve. 

These measured values of CLgep serve to show (aside from the obvious 
comparison with the estimated CLgep that the p Itching-moment 

variations are at best only a rough guide to flow separation. One of 
the better Illustrations of this point is found in wing 5 (fig* 3(a>)) 
where changes in pitching moment are seen to .occur initially at a lift 
coefficient of about 0,2 (described in ref, 10 as due to a boundary- 
layer transition phenomenon) whereas actually the pressure-distribution 
data showed no evidence of flow separation until a Cl of about 0,5 
(Mach number of 0.6) where a second change in slope of the pitching- 
moment curve occurred. It is this measured value of CLggp that can 
be seen to agree very closely with the estimated value for CLggp 
determined from airfoil section data. In general, the other values of 
estimated CLggp also show quite satisfactory agreement with the 
measured values. A review of all of the estimates of CLggp in rela- 
tion to the pitching-moment characteristics will show that some c hang e 
in slope of the pitching-rmoment curve iisually occurred near the esti- 
mated Cl for flow separation. On the basis of these comparisons as 
well as those involving the measured values of CLggp^ if is apparent 
that the airfoil section data do afford a fairly reliable indication 
of the lift coefficient for onset of extensive flow separation. Unfor- 
tunately, however, this indicated success does not guarantee that a 
change in moment will not also occur at some lower lift coefficient. 

Nor is there any reliable .method available at the present time to 
predict with certainty which direction an anticipated change in moment 
will pitch the airplane - up, down, or not at all. Nevertheless, it 
is believed the correlation as shown in figure 3 covering a large 
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number of wings is of particular value in providing some insigjit into 
the interpretation of the observed pitching-moment disturbances of 
swept wings. 


Adjusted Wing Data Procedure 


In developing improved designs the process usually entails considera- 
tion of changes to a given basic configuration for which some amount of 
experimental aerodynamic data exist. Since a considerable amount of 
three-dimensional data are now available in the literature, plan-form 
effects can for the most part be estimated ftom existing data. Any 
effects of airfoil section differences then can be readily accounted 
for by using the same sweep-theory relations outlined in the previous 
paragraphs. To illustrate this point, figure 6 has been prepared show- 
ing a comparison of the estimated and measured vEiriation of drag coeffi- 
cient with Mach nimiber for several of the configurations for which it 
was possible to isolate changes in section for a given plan form (see 
table I for description of configurations). For example, the estimated 
drag characteristics given for wing 3 in figure 6(a) were derived from 
the meas'ured drag data for wing 2 as a base to which were added the 
incremental differences in drag found from the two-dimensional drag 
measirrements (appropriately adjusted for sweep effects) for the two air- 
foil sections of these wings. The estimated results for wings 8, 17 , 

13, 16, and 15 also Included in figure 6 have been based on the measirred 
data for wi ng s 5, 23 , 1 ^, 1 ^, and 22 , respectively. In comparing these 
correlations with those of figure 1 it may be seen that somewhat improved 
estimates of drag-divergence Mach number can be made using this procedure. 

Some additional drag characteristics are presented in figure 7 iii 
the form of profile-drag-coefficient variation with lift coefficient. 

Using these data it is possible to compare the incremental differences 
between the profile-drag curves for the two different wings based on 
the yawed-infinite-alrfoll data (labeled "Estimated") and on the finite- 
wing data (labeled "Measured") . Shown in the figure for several Mach 
mmibers are the effects of section modification for four example wings 
and one example of the effect of a plan-form sweep-angle change of 30° 
to 45°, wings 9 an< 3 - 18» In all cases the agreement between the two- and 
three-dimensional results is quite good. 

In figure 8 are presented plots of Incremental changes in lift 
coefficient for flow separation as a function of Ifech number for the 
wings dealt with in figure 7» For the comparisons the estimated and 
measured increments have been derived from the results of figure 3, 

For three of the wings presented (5, 15 , and 22 ) the measured increments 
were based on the known values of CLggp found from pressure-distribution 
data whereas for the remainder of the wings recourse was made to the 
pitch divergence characteristics as a rou^ guide to the start of flow 
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separation. It is interesting to note from these results, as well as 
the profile-drag cu 2 rves of figure "J, the contrast in effectiveness of 
the leading-edge modification (wings 2 and 3 ) as compared to a uniform- 
type camber (e.g,, wings 22 and I 5 ) as a function of both Mach number 
and lift coefficient. The superior effectiveness of the uniform-type 
camber from a lift sind drag standpoint are quite accurately predicted 
from the airfoil section data. 


CONCLUDING REMAEKS 


With the use of high-speed airfoil section data, estimates have 
been made of some of the aerodynamic characteristics of 26 swept wings 
with consideration being given to two different procedures. In one the 
finite-wing characteristics were related to airfoil section data while 
in the second method, the estimates were based on the known data for a 
finite wing approximating the configuration in question with increments 
then applied to account for the differences in airfoil section. While 
the first method did not provide too reliable an Indication of absolute 
magnitudes, particularly the drag level and force- and moment-divergence 
Mach numbers, the method did afford surprisingly good qualitative indi- 
cations of the variations with Mach member of drag, zero-lift pitching 
moment, and lift coefficient for flow separation for Mach numbers up to 
about 0 , 9 . Application of the second method showed considerable improve- 
ment in the estimated values of drag-divergence Mach number and lift; 
coefficient for flow separation. 


Ames Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Moffett Field, Calif,, Mar. 23, 1955 
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TABLE I.- WING CONPIGimTIONS AND DATA SOURCES 



8 . 

NACA section 

1 Reference 1 

Wing 

Configuration 

Definition 

Used 

Wine 

Section 

1 

35 _ 4 -. 6 -WF 

65AOO6 fi 

65-008 


unpub. 

2 

35 -^. 5 -. 5 -W 

64 A 010 1 

64 A 010 


26 

3 

35 - 4 . 5-. 5 -W 

64 A 010 X 
(mod. L.E.)^ 

64 A 010 

(mod.LJlO 


luipub. 

4 

35 -^. 8 -. 51 -WI’ 

0011,56-64 (mod,)x 

0011,56-64 (mod.) 


unpub. 

5 

35-5.l-.7i-W 

65AOI2 tl 

64 ao(i 4 . 3 ) 

10 

unpub. 

6 

35-IO-.5-W 

65AOI2 II 

64 A 0 (i 4 . 3 ) 

11. 

unpub. 

7 

35-3.5-.2-WF 

65AOO4 11 

(1/3 230 ; 0.1 Cl. a=a) 

65-206 

12 

27 

8 

35-5.l-.7i-W 

64 A 312 II 

65-412 

11 

unpub. 

9 

30-7.4-.38-WF 

65-210 X 

65-210 

13 

27 

10 

35-4.8-.51-WPT 

0011.56-64 (mod.)x 

0011,56-64 (mod.) 

14 

unpub. 

11 

36-6-.5-WF 

64 A 015 X 

64 ao(i 4 . 3 ) 

15 

unpub. 

12 

45-4-. 3-wp 

65AOO6 It 

65-008 

16 

unpub. 

13 

47-3.5-.2-WF 

65AOO4 II 

(1/3 230 ; 0.1 Cl a=l) 

65-206 

17 

27 

l 4 

47-3.5-.2-WF 

65AOO6 II 

(1/3 23O; 0.1 cji a=G.) 

65-208 

17 

27 

15 

*t 5 - 3 -. 5 -M 
(s = -5°) 

64 a 4 io X 

64 a 4 iO 

18 

28 

16 

^ 7 - 3 . 5 -. 2 -WF 

65AOO9 II 

( 1/3 230; 0.1 cu a=l) 

65-212 

17 

27 

17 

‘* 5 - 5 -. 57 -W 
(e = -8.7°) 

64 A 810 X 

64 A 910 

19 

29 

18 

45-5.I-.38-WF 

65-210 X 

65-210 

13 

27 

19 

40 - 10 -. 4 -W 
(e = - 5 °) 

0014 - 0011 J_ 
(cj^= 0.4 a= 0 . 8 ) 

0010-1.10 40/1.051 
(c^j^=o ,4 a-0.8) 

20 

30 

20 

45-4-. 6 -WF 

65AOO6 II 

65-008 

21 

unpub. 

21 

45-3.56-. 3-WF 

64 A 007 II 

64 A 010 

22 

26 

22 

45-3-. 5 -W 

64 A 010 X 

64 A 010 

23 

26 

23 

45-5-. 57-w 

64 A 010 X 

64 A 010 

19 

26 

24 

45-5.5-.5-WF 

64 A 010 X 

64 A 010 

5 

26 

25 

63-3.5-.25-W 

64 A 006 II 

64 A 010 

24 

26 

26 

60 - 4 -. 6 -WF 

65A006 II 

64 A 010 

25 

26 


Configuration given in following order; sweepback angle^ aapect ratio, 
taper ratio, and wing, wing-fuselage, or wing-fuselage-tail conibina- 
tlon. 

“Modified leading edge. 









Wing © 35-4-.6-W^ Wing @ 35-4.5-5-W Wing @ 35-4.5-5-W 


Measured 
Estimated 
Theorv(ref. It 


0 .2 4 .6 .8 1.0 12 0 .2 4 .6 .8 10 12 0 .2 4 .6 .8 10 12 

M M M 


(a) Wings 1 to 3 

Figure 1,- CamparlBons of the measured and estimated characteristlcB of the swept wings determined 

by the ad.1usted wins: theory procedure. 





















.4 .6 .8 LO 12 0 .2 4 
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(c) Wings 
Figure 1,- i 


35-5.I-7I-W 


Wing @ 30-74-38-W^ 



MCA EM A55C23 









0 Z .4 .6 .8 LO 12 0 .2 4 .6 .8 

M M 

(d) Wings 10 to 12 
Pigure 1,- Continued. 


Measured 
Estimated 
Theory (ref 










.4 .6 .8 LO 12 0 2 
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(e) WlBj 


TSJ t 

XXKUL'c:: x« 













Wing 45.4.6-VF Wing (|]) 45-356-3-W^ 


45-3-5-W 


m 


Measured 
Estimated 
Theorv(ref. 0 


0 .2 4 .6 .8 

LO L2 0 .2 4 .6 .8 IjO 12 0 .2 

4 .6 .8 LO 12 

M 

M 
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(g) Wings 20 to 22 



Figure 1,- Continued, 













.4 .6 .8 LO 12 .2 4 .6 .8 ID L2 .2 4 6 .8 LO 12 .2 4 .6 .8 

M M M M 


(h) Wln^ 23 to 26 


Figure 1,- Concluded. 
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o Estimated Clj 

n Mahci irpH Pj 


Wing (J) 35-4.8-51- Wing (s) 35-5.1-71 -W Wing @ 35-10-5-W 



.04 0 -.04 
^m 

(a) WtngB 1 to 6 


1/^ r 

.04 0 -.04 

Cm 


/flo /o> 


Figure 3»“ Correlation of the estimated •values of lift coefficient for tralllng-edge flow 
separation with the measured pitching-mament characteristics. 
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Wing @ 45-4-.3-VF 


Wing @ 35-4.8-51-W^ Wing (Tj) 36-6-.5-W^ 
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0 -.04 



(e) Wings 


Figure 3.- 

























<^-65 10124. 6 3 10 

Measured Mq Measured Mq 


(a) C]j = 0 (b) d, variable 

Figure 5*" Comparison, of the measured and estimated values of drag-divergence Mach number 

determined by the adjusted wing theory procedure. 
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Wing © 
■Wing 0 


Wing 0 
Wing 


0 .04 .08 


•Wing 

■Wing 0 


(a) Wings 2 , 3 , 5 , 8 , 22 and I 5 

Figune Comparison of "tlie measured and es'fcima^fced ■varia^fclons of profile 
drag coefficient with lift coefficient. 
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Measured Estimated 


ACl 
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Wings a 


Wings ® & (s) 


Wings 


@ a @ 


Wings @ a (Tt) 


Wings a (j^ 


Figure 8.- Comparison of "fclie tneasured and es'fclnia’ted Increm.en'tal changes 
In lift coefficient for flow separation. • 
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